Abstract-In attempts to combine the field locality and chirality in media properties, we come to non-classical aspects, which constitute a subject of a macroscopic quantum mechanics analysis. From classical laws these two notions are in an evident contradiction since manifestation of chirality in electromagnetics is usually due to effects of the field non-locality. Bianisotropics is conceived as a physical concept describing electromagnetic media which possess intrinsic mechanisms of magnetoelectric coupling. We propose the main idea of local bianisotropic metamaterials as a combination of two physical notions: (a) the near-field manipulation and (b) chirality.
The concept of a bianisotropic medium was coined in 1968 by Cheng and Kong [1] defining a medium with the most general linear constitutive relations. In microwaves, bianisotropic media are conceived as artificial structures. The fact that small metallic resonant particles may show certain ME-like effects is well-known. It constitutes the subject of numerous theoretical and, not so numerous, experimental papers on microwave composite chiral and bianisotropic materials based on a collection of special-form metallic particles (see e.g., [2] ). It is supposed that since particulate composite media are synthesized by artificially fabricated inclusions in a host medium, the designer is provided with large collections of necessary parameters: induced electric and magnetic moments with cross-polarization coupling. In an assumption that the inclusion sizes and spacings are small compared to the wavelength, a typical formal way of derivation of the macroscopic constitutive relations for bianisotropic composites is based on the quasistatic theories of polarization (see e.g., [3] ).
It should be clear, however, that any quasistatic theories (similar, for example, to the quasistatic Lorentz theory used for artificial dielectrics [4] ) are not applicable for metallic-inclusion bianisotropic composites. Actually, in a classical situation the "ME coupling" in composite media appears due to effects of non-local electromagnetic scattering from inclusions, but not because of the near-field cross-polarization effects. As it is discussed in [5] , for interaction of the wave with such a "ME object" not just only the fields but also the various field gradients should play a role. It is stated in [6] that the separation between the macroscopic and microscopic electromagnetic descriptions is not quite as sharp in known artificial bianisotropic media as it is in pure dielectrics due to the fact that the cross-polarization coupling vanishes in the long-wavelength limit.
If one supposes that he has created an "artificial atom" with the local cross-polarization effect one, certainly, should demonstrate a special ME field in the near-field region. It means that using a gedankenexperiment with two quasistatic, electric and magnetic, point probes for the ME near-field characterization, one should observe not only an electrostatic-potential distribution (because of the electric polarization) and not only a magnetostatic-potential distribution (because of the magnetic polarization), one also should observe a special cross-potential term (because of the cross-polarization effect). This fact contradicts to classical electrodynamics. One cannot consider (classical electrodynamically) two coupled electric and magnetic dipoles -the ME particles -as local sources of the electromagnetic field [7] . So in a presupposition that an "artificial atom" with the near-field cross-polarization effect is really created, one has to show that in this particle there are special internal dynamical motion processes different from the classical motion processes.
Putting forth a physical concept of an electromagnetic composite material which possesses an intrinsic mechanism of local magnetoelectric coupling, we propose the main idea of bianisotropics as a combination of two physical notions: (a) the near-field manipulation and (b) chirality. From classical laws these two notions are in an evident contradiction since manifestation of chirality in electromagnetics is usually due to effects of the field non-locality. One comes to conclusion that the unified ME fields originated by local ME particles should appear (in the near-field region) with the symmetry properties distinguishing from that of the electromagnetic fields. This opens a new field of studies, which we call as the problem of local bianisotropic metamaterials (LBMMs).
NEAR-FIELD STRUCTURES
One of the main aspects attracted the concept of metamaterials was a possibility for the near-field manipulation [8] . In such a sense, metamaterials can be characterized as structures with tailored electromagnetic response. For bianisotropics, understanding of physics of the near field plays a very important role. Usually, in electrodynamics the following classification of the EM fields is used: the far-field EM fields are considered as the propagating waves and the near-field EM fields -as the evanescent (exponentially decaying) modes. The importance of phenomena involving evanescent electromagnetic waves has been recognized over the last years. The fact that evanescent waves are more confined than the single tone sinusoid waves and hence contain wider range of spatial frequencies indicates that it may be possible to have no theoretical limit of resolution for the near-field patterns. At present, the near-field manipulation becomes an important factor in new applications, such as near-field microscopy and new material structures. From a general point of view, the near-field can be defined as the extension outside a given structure (sample) of the field existing inside this structure (sample). Physically, there can be distinguished different categories of the near-fields [9] . For our purpose, we will analyze three types of the near-field EM structures: (a) Helmholtz-equation evanescent modes; (b) Laplace-equation quasistatic fields; and (c) quasistaticoscillation fields. The quasistatic-oscillation near-field structures are the most important in our consideration.
MAXWELL EQUATIONS AND BIANISOTROPICS
Usually, a bianisotropic medium is classified as the medium characterized by constitutive relations:
where
and
↔ ζ are the medium dyadics. From classical electrodynamics point of view, this medium is considered as the most general and exotic medium. It is supposed that studies of this medium provide deep insight into the nature of macroscopic Maxwell's equations, in general, and into the EM-field propagation mechanism, in particular. The question, however is: How one gets constitutive relations (1)? One can postulate these relations, as a case of the most general medium, and just only see for himself if such relations do not violate the Maxwell equations. This way of proof really works and the main physical model is based on a simple assumption that the medium is a structure composed with particles of intrinsically coupled electric and magnetic dipoles. Certainly, in his book, Post writes [10] : "Macroscopically, there is no reason to assume that these [electric and magnetic] dipoles cannot be glued together, pairwise in an almost rigid manner". As it is stated by Gronwald et al. [11] , the constitutive relations for a general linear ME medium have to be just postulated as an axiom of classical electrodynamics. At the same time, it is pointed out [11] that derivation of these constitutive relations should be obtained after an averaging procedure from a microscopic model of matter. It is unclear, however, what kind of such a model is presumed by the authors.
As we all know, electromagnetic fields in a medium arise from the microscopic Maxwell equations written for the microscopic electric and magnetic fields, microscopic electric charge density and microscopic electric current density. A theory of electromagnetic processes in media is called as macroscopic electrodynamics or electrodynamics of continuous media. This is a phenomenological theory. It makes sense for average quantities: average positions and velocities of particles, which constitute a medium, average electric and magnetic fields. As a result of derivation of macroscopic Maxwell's equations one introduces the quantities: D ≡ E + 4π P and H ≡ B − 4π M , where P is (electric) polarization and M is magnetization. There is, however, another way to derive the macroscopic Maxwell's equations. Suppose that there exist both the electric and magnetic microscopic charges. For artificial structures composed by local elements one can formally use such notions of "microscopic" magnetic charges and "microscopic" magnetic currents. For such a case, one easily obtains the macroscopic Maxwell equations from the microscopic equations, but physical meaning of the averaged quantities is not the same as in the above case. As a result of derivation of macroscopic Maxwell's equations one introduces now the quantities D ≡ E + 4π P e and B ≡ H + 4π P m , where P e and P m are the electric and magnetic polarizations. The motion equations for both above cases are local equations: the average procedure for microscopic current densities takes place in scales much less than a scale of variation of any macroscopic quantity. An important thing is that no magnetoelectric couplings on the microscopic level are assumed in these motion equations. No classical laws describe interaction between linear electric and magnetic currents. The symmetry properties of magnetic charge and current densities under both spatial inversion and time reversal are opposite to those of electric charge and current densities.
In spite of the fact that there are no classical models on the microscopic level, which demonstrate the ME effect in media, on the macroscopic level of consideration, however, one can formally obtain the ME coupling in a frame of a classical description. It can be shown that biansotropic constitutive relations appear as the macroscopic effect of non-locality (effect of field space derivatives). In particular, from a formal analysis of average electric current ρ v e (a polar vector) and average magnetic current ρ v m (an axial vector), one can easily obtain the following relations:
and
where ↔ δ and ↔ ν are pseudotensors, which are dependent on the medium properties. The second terms in right-hand sides of these equations show the non-locality effect. Based on Eqs. (2) and (3) and taking into account Maxwell's equations, one may obtain finally constitutive relations in a form of Eqs. (1).
LOCAL MAGNETOELECTRIC PARTICLES
The concept of bianisotropics, coined by Cheng and Kong [1] , was aimed, in particular, to unify two separate branches of research on moving media and ME crystals. One may paraphrase this concept of bianisotropics in other words: possible unification of electromagnetic processes of dipole motions and symmetry breaking phenomena. It can be supposed that the unified ME fields originated from a point ME particle (when such a particle is created) will not be the classical fields, but the quantum (quantum-like) fields. This means that the motion equations inside a local ME particle should be the quantum (quantum-like) motion equations with special symmetry properties. The fundamental discrete symmetries of parity (P), time reversal (T) and charge conjugation (C), and their violations in certain situations, are central in modern elementary particle physics, and in atomic and molecular physics. As a basic principle, the weak interaction is considered as the only fundamental interaction, which does not respect left-right symmetry. Atoms are chiral due to the parity-violating weak neutral current interaction between the nucleus and the electrons. In crystalline solids, ME effect presumes symmetry breakdown in a structure of a medium. ME interactions with mutually perpendicular electric and magnetic dipoles in crystal structures arise from toroidal distributions of currents and are described by anapole moments [12] .
Till now, no necessary microscopic justifications of local ME particles -structural elements of LBMMs -have been done, however. No ME couplings on the microscopic level are assumed in classical motion equations: no helical loops (recursion motions) are possible for bound electric charges and no interaction between linear electric and magnetic currents takes place. The dielectric polarization is parity-odd and time-reversal-even. At the same time, the magnetization is parity-even and time-reversal-odd. These symmetry relationships make questionable an idea of simple combination of two (electric and magnetic) dipoles to realize local ME particles for local bianisotropic metamaterials.
Following the results of recent studies, we can state now that spectral properties of magneticdipolar modes (MDM) in ferrite disks may put us into a proper way in realizing local ME particles. It was shown that magnetic dipole motion processes in a normally magnetized ferrite disk are characterized by handedness properties [13] . In microwaves, ferrite resonators with multi-resonance MDM [or magnetostatic (MS)] oscillations may have sizes two-four orders less than the free-space EM wavelength at the same frequency. A ferrite disk with the MDM oscillating spectra is a mesoscopic system in a sense that such a system is sufficiently big compared to atomic and lattice scales, but sufficiently small that quantum mechanical phase coherence is preserved around the whole sample. For a case of a MDM ferrite disk one has the quantized-like oscillating system which preserves the coherence. Our studies show a macroscopic effect of quantum coherence for MDM oscillations in normally magnetized thin-film ferrite disks [14] .
In recent experiments it was shown that MDM oscillations in a normally magnetized ferrite disk are strongly affected by a normal component of the external RF electric field [15] . Since the RF electric field does not change sign under time inversion, the eigen electric moment should also be characterized by the time-reversal-even properties. One has special symmetry properties of the anapole moment [polar (electric) symmetry, i.e., the parity-odd, and time-reversal-even symmetry]. There are surface magnetic currents (resulting in the anapole moments) in a ferrite disk which appear due to symmetry breaking for magnetic-dipolar oscillating modes [13, 16] . This may explain the observed ME effect in ferrite disks with surface electrodes [17] . One can see that in a case of a ferrite disk + wire particle there are the ME modes characterizing by oscillations in metal-wire and ferrite-disk subsystems [17] . An experimental object (a ferrite disk + wire particle) can be modeled as a triple of vectors: an axial vector of a magnetic bias field H 0 , a polar vector of an electric moment p e , and an axial vector of a magnetic moment p m . Evidently, this triple of vectors is not invariant under the classical PT transformation but is invariant under the non-classical CPT transformation (Fig. 1) . Figure 1 : The CPT invariance of a system of two axial ( H 0 , p m ) and one polar ( p e ) vectors in a ferrite-disk local ME particle.
CONCLUSION
The problem of LBMMs is, in fact, the problem of unification of fundamental notions: electromagnetism and magnetoelectricity. This presumes possible unification of electromagnetic processes of dipole motions and symmetry breaking phenomena. Comprehensive solution of such a problem should be found through understanding a basic mechanism of a "junction" of electricity and magnetism in a point source -a local magnetoelectric particle.
An assumption of the local cross-polarization effect will inevitably lead to a special ME field surrounding a ME particle. This may follow from a simple consideration of free-space Maxwell equations when external sources are taken to be local dipoles p e and p m . In this case solutions of Maxwell equations are E ( r, ω) = k 
H ( r, ω) = k 
where k 0 = ω/c. In these equations, no coupling between local dipoles p e and p m is presupposed. So no ME coupling between electric and magnetic fields can be presupposed as well. When one accepts experimental data of local ME coupling in ferrite disks with surface electrodes shown in [17] , he certainly should take into consideration the symmetry properties analyzed in Fig. 1 . This evidently results in non-classical symmetry properties of local ME fields. When a local ME particle is placed inside a cavity, quantization of electromagnetic fields takes place [17] . Since the near field of a ME particle has symmetry breaking, the mapping of the ME-particle field into the cavity EM field will lead to symmetry breaking of the last one.
